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(57) ABSTRACT

A transfer control system of an information read beam for
transferring an information read beam from one recording
side to another 1n an 1nformation reader comprising offset
error signal generation means for piggybacking a predeter-
mined offset level onto a focus error signal indicating a shaft
from the focus position of the information read beam to
ogenerate an offset error signal 1n order to shape the beam
form of the information read beam {for reading record
information from an information recording medium having
a plurality of laminated recording sides on the recording
side. It comprises offset level setting means for setting the
predetermined offset level in the offset error signal genera-
fion means, transier signal generation means for generating
a transfer signal for forcibly transferring the information
read beam, and transfer means for transferring the informa-
tion read beam from one recording side to another based on
the transfer signal. The transfer signal generation means
oenerates the transfer signal after the offset level setting
means clears setting of the offset level.

2 Claims, 4 Drawing Sheets

1
| 3 5

- ‘
~~<B | FOCUS ERROR 4 P
DIGITAL | Ste Safe OFFSET  g4fs
2 % - SENERATION +—1 PIGGYBACKING
'l F'A CIRCUIT CIRCUIT
’ r
i J
Sqc ¥ Son Sofc
9 8 5 lSshc
| ﬁ )
DRWE CIRCUIT =20 [p« Shie S/H CIRCUIT [=—
74 :‘Skbp Skbe
71-f »
2 S| z _Sb 7
KICK SIGNAL {um BRAKE SIGNAL
GENERATION GENERATICON
SECTION s SECTION




U.S. Patent

Mar. 27, 2001

FIG. 1

L1 SUBSTRATE

Sheet 1 of 4

TOTAL REFLECTION FILM (A1)

US 6,208,597 Bl

|

PHOTOPOLYMER RESIN ~»

X

y

A

L,
e a

FA

Sofs

!

SEMI-TRANSPARENT )
FILM (Au) LO SUBSTRATE
READ BEAM:
STATE IN WHICH FOCUS
FEAD BEAM POSITION IS SET TO L1
STATE IN WHICH FOCUS
POSITION IS SET TO L0
‘?' ?
B | FOCUS ERROR
DIGITAL | Sfe Safe OFFSET
r—>{ PIGGYBACKING
GENERATION oy
CIRCUIT
10
Sgc Y Son Sofc
? 5 Sshe
_ ' |
Sfed :
—{ DRIVE CIRCUIT }+—- e SHCIRCUIT |«—
, Skbp Skbe
71 -
2, SK Sbi 7n
] | )
KICK SIGNAL 74 | BRAKE SIGNAL
GENERATION GENERATION
SECTION SECTION




U.S. Patent Mar. 27,2001  Sheet 2 of 4 US 6,208,597 B1

5
Safe — ; »Qﬂ _ = Sofs
Son 52
| H l 54
l_ HIGH
Sofc 53 IMPEDANCE
SECTION

FIG. 4

Sshe

ot O O Shfe
0]




U.S. Patent Mar. 27,2001  Sheet 3 of 4 US 6,208,597 B1

FIG. 5

OUTPUT HIGH Son

S

52

HAS
PREDETERMINED TIME
ELAPSED?

S4— QUTPUT Skbc

o T

HAS | Y
PREDETERMINED TIME OUTPUT Skbc FOR SWITCHING
ELAPSED? 59— TO BRAKE SIGNAL

GENERATION SECTION 73 SIDE

. | OUTPUT Sgc FOR SETTING GAIN e S10
VALUE FOR RECORDING SIDE NO
| TOWHICH READ BEAMMOVES | I PREDETERMINED TIME

ELAPSED?

) YES
' OUTPUT Skbc FOR |
S7— SWITCHING TO HIGH OUTPUT Skbc FOR
IMPEDANCE ELEMENT 74 S11—  SWITCHING TO HIGH
IMPEDANCE ELEMTNT 74

S$12— QUTPUT Sshc LOW

Safe EXCEED THRESHOLD

YES
l-NO

513

HAS
PREDETERMINED TIME

ELAPSED?
YES

S14—{ OUTPUT Son LOW |

END




U.S. Patent Mar. 27,2001  Sheet 4 of 4 US 6,208,597 B1

FIG. 6

BRAKE START
Th THRESHOLD VALUE
.............. frenresesnenaennas FHOM LO TO L'I

: Th  BRAKE START
- OFFSET THRESHOLD VALUE

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

. LEVEL FROM L1 TO LO
FORLO : | KICK :BRAKE. . FOR L1
1 TIME . TIME f
;= > -
Sfed 5 55
Sqc SET GAIN FOR L0
' SET GAIN FOR L1

. 1, H PIGGYBACK OFFSET
Son L RBREMOVE OFFSET

FIG. 7

TRACK TANGENT DIRECTION

el

12
‘l A N e

QO@@




US 6,208,597 Bl

1

TRANSFER CONTROL SYSTEM OF
INFORMATION READ BEAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to a transfer control system of an
information read beam for transferring an information read
beam applied from the same application direction from one
recording side to another of an information recording
medium having a plurality of laminated recording sides.

2. Description of the Related Art

For example, a two-layer disc of a DVD (digital versatile
disc) is known as the above-mentioned information record-
ing medium. As shown 1n FIG. 1, the two-layer disc has a
structure wherein a recording side of a substrate L1 coated
with a total reflection film of aluminum (Al) and a recording
side of a substrate L0 coated with a semi-transparent film
formed of gold (Au), a dielectric substance, etc., providing
a reflection factor of about 30% are laminated with a
ultraviolet-setting resin material having high light transmit-
tance such as a photopolymer resin with the recording sides
facing each other. An information read beam 1s applied from
one side (the substrate LO side in FIG. 1). Information on
cach recording side can be read by forcibly transferring the
focus position of the applied information read beam from the
substrate O to the substrate L1 or from L1 to LO (focus
jumping).

A specific focus jumping method 1s as follows: To a focus
actuator for driving an object lens 1n a focus direction, a kick
signal at a predetermined level, which 1s a transfer signal for
forcibly driving the object lens 1n acceleration, 1s supplied
only for a predetermined time, and then a brake signal at a
predetermined level, which 1s a transfer signal for forcibly
driving the object lens 1n deceleration, 1s supplied for a
predetermined time. The predetermined levels and the pre-
determined times are determined based on the sensitivity of
the actuator (the acceleration produced when a unit drive
current 1s supplied) and the read beam transfer distance.

For example, with a reader for reading digital information
from a recording medium on which digital information 1is
recorded such as a DVD or a CD (compact disc), the focus
position of an object lens 1s set so that the spot form of a read
beam on the disc becomes elliptic rather than circular to
decrease the jitter component of a read signal. More
particularly, as shown 1 FIG. 1, the focus position of the
object lens 1s set so that the long axis direction of an elliptic
spot 12 becomes perpendicular to the tangent direction of a
track formed by pits 11 (the short axis direction of the
elliptic spot becomes parallel to the tangent direction of the
track). That 1s, 1n such focus servo control for the recording
medium, a predetermined DC level 1s piggybacked as an
offset level on a focus error signal indicating the shaft
amount from the focus position of the information read
beam and servo control 1s performed based on the error
signal with the offset level pigegybacked therecon, thereby
aggressively oflsetting as much as the distance correspond-
ing to the offset level from the focus position for changing
the spot form of the read beam on the disc from circular to
elliptic.

In the mitialization operation before 1nformation 1s read,
while the offset level to be piggybacked 1s swung m a
predetermined range, for example, a read signal error rate 1s
measured and the level at which the error rate becomes the
minimum 1s set as the predetermined offset level mentioned
above.

By the way, the optimum offset level 1s set separately for
cach of the two recording sides of a two-layer disc. Thus, 1t
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the above-described spot form shaping 1s performed on the
two-layer disc, the read beam transfer distance by the
above-mentioned focus jumping varies from one disk to
another 1n response to the offset amount set for each record-
ing side. Therefore, the amplitude levels and durations
(pulse widths) of the kick signal and the brake signal of the
transfer signals must be set for each disc. An S-letter
waveform of a focus error signal appearing as the read beam
1s transferred 1s used to indicate the supply timing of the
transfer signal (brake signal) for forcibly driving the object
lens 1n deceleration by comparing the amplitude level of the
S-letter wavetform with a predetermined threshold value. As
the above-mentioned offset 1s pigegybacked, the amplitude
level of the appearing S-letter waveform 1s offset in response
to the read beam transfer direction (from one recording side
to the other or from the other recording side to one), and the
threshold value must be set 1n response to the transfer
direction. Also, if the reflection factor varies from one
recording side to another, the amplitude level of the appear-
ing S-letter wavetform changes with the recording side to
which the read beam 1s transferred; the brake signal ampli-
tude level and duration must be set each time and the setting
job 1s 1ntricate.

I

Since an offset 1s thus pigegybacked to shape the read beam
spot form, it becomes intricate to set the transfer signals
involved 1n the focus jumping.

SUMMARY OF THE INVENTION

The present invention has been made to solve the above
problems, and 1t 1s therefore an object of the mvention to
provide a transfer control system of a read beam eliminating
the need for performing an intricate setting job of transfer
signals although the transfer control system causes focus
jumping to be performed from one recording side to another
in an information reader with the read beam spot form
shaped so as to make 1t possible to decrease jitter when
reading digital information.

In order to achieve the above object, according to a first
aspect of the invention, there 1s provided a transfer control
system of an information read beam comprising offset error
signal generation means for piggybacking an offset level
onto a focus error signal indicating a shift from the focus

™

position of an 1information read beam to generate an offset
error signal 1n order to shape the beam form of the infor-
mation read beam applied from the same application direc-
fion for reading record information from an information
recording medium having a plurality of laminated recording
sides on the recording side, transfer signal generation means
for generating a transfer signal for forcibly transferring the
information read beam from one recording side to another,
and transfer means for transferring the information read
beam from one recording side to another based on the
transfer signal, characterized in that the transfer signal
generation means inhibits the offset error signal generation
means from piggybacking the offset level, then generates the

transfer signal.

According to the function of the first aspect of the
invention, the transfer signal generation means for generat-
ing a transfer signal for forcibly transferring the information
read beam from one recording side to another generates the
transier signal after the offset error signal generation means
for piggybacking an offset level to shape the spot form of the
information read beam on the recording side inhibits pig-
oybacking the offset level. Therefore, the offset level to
shape the spot form of the information read beam 1s not
supplied during the focus jumping, thus the transfer distance
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becomes equal to the layer-to-layer distance of the disc, so
that the transfer signal duration and amplitude level to be
adopted can be determined uniquely by the sensitivity of a
focus actuator and the layer-to-layer distance of the disk.
Since the offset as the offset level 1s removed from the
amplitude level of an S-letter wavetorm, the threshold value
having the same absolute value independently of the infor-
mation read beam transfer direction can be adopted. This
means that the threshold values for indicating the transfer
signal duration and amplitude level and the brake signal
supply timing can be set uniquely 1n response to the layer-
to-layer distance defined on the disc standard and the
sensitivity of a focus actuator of an information reader and
thus 1t 1s not necessary to again set transier signals so long
as the disc played back with the mformation reader matches
the standard.

Also, according to a second aspect of the mvention, there
1s provided a transfer control system of an information read
beam for transferring an information read beam applied
from the same application direction to read record informa-
fion from an information recording medium having a plu-
rality of laminated recording sides from one recording side
to another, the transfer control system comprising focus
servo means for performing focus control of the information
read beam based on a focus error signal indicating a shaft
from a focus position of the information read beam, gain
setting means for setting the gain of the focus servo means
fitted to each of the recording sides, transfer signal genera-
fion means for generating a kick signal for driving the
information read beam 1n acceleration and a brake signal for
driving the information read beam driven 1n acceleration 1n
deceleration, and transfer means for transferring the infor-
mation read beam from one recording side to another based
on the kick signal and the brake signal, characterized in that
when the information read beam 1s transferred, the gain
setting means changes the gain from the gain fitted to one
recording side to the gain fitted to another before the transfer

signal generation means generates the brake signal.

According to the function of the second aspect of the
immvention, when transfer of the information read beam 1s
started, the gain setting means changes the gain from the
gain {itted to one recording side to the gain fitted to another
to which focus jumping 1s to be applied before the transfer
signal generation means generates the brake signal.

Therefore, even 1t one recording side and another record-
ing side differ 1n reflection factor, the focus jumping between
the recording sides different in retlection factor becomes
equivalent to focus jumping between recording sides having
the same reflection factor during the focus jumping, thus the
transfer signal duration and amplitude level can be uniquely
found by the sensitivity of a focus actuator and the layer-
to-layer distance of the disc.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s an 1illustration to show the structure of a
two-layer disc of an example of an information recording
medium having a plurality of laminated recording sides;

FIG. 2 1s a diagram to show a configuration example of a
transfer control system in an embodiment of the invention;

FIG. 3 1s a diagram to show a configuration example of an
offset piggybacking circuit 5 in the embodiment of the
mvention;

FIG. 4 1s a diagram to show a configuration example of an
S/H circuit 6 in the embodiment of the invention;

FIG. § 1s a flowchart to show an example of the transfer
control operation performed by a control section 10 in the
embodiment of the invention;
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FIG. 6 1s a chart to show waveforms appearing in the main
part 1n FIG. 2 when transfer control in the embodiment of the
invention 1s performed; and

FIG. 7 1s an 1illustration to show the appearance of an
information read beam spot form on an information record-
ing medium.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A description will be given 1n more detail of preferred
embodiments of the invention with reference to the accom-
panying drawings.

FIG. 2 shows a specific configuration example of a
transfer control system of an information read beam of an
embodiment of the invention. In the embodiment, an
example of adopting a two-layer disc as an information
recording medium will be discussed.

In FIG. 2, a pickup 2 receives reflected light of a read
beam B applied to a two-layer disc 1 at a four-division
detector (not shown) and supplies an electric signal respon-
sive to the light reception amount of the detector to a focus
error signal generation circuit 3, which then generates a
focus error signal Sfe by performing predetermined opera-
fion based on an astigmatism method, for example, on the
supplied electric signal and outputs the focus error signal Sfe
to an amplification circuit 4.

The amplification circuit 4 amplifies the supplied focus
error signal Ste with a predetermined gain set based on a
gain setting signal Sgc supplied from a control section 10
(described later) to generate an amplified error signal Safe
and outputs the amplified error signal Safe to an oifset
piggybacking circuit 5 as offset error signal generation

means and the control section 10.

As the gain value of the amplification circuit 4 for each
recording side, at the focus servo adjustment time in the
initialization operation before information is read, a control
section 10 (described later) detects the amplitude level of an
S-letter signal of a focus error signal provided when a focus
servo loop 1s open from an output signal of the amplification
circuit 4 and calculates the gain value at which the amplitude
level becomes a predetermined level, then sets the gain value
as the predetermined gain value. The gain value found for
cach recording side 1s stored 1n the control section 10. The
cgain of the amplification circuit 4 1s set to the predetermined
cgain value fitted to each recording side, whereby the ampli-
tude levels of the S-letter signals provided from the ampli-
fication circuit 4 become roughly constant regardless of the
recording side. The amplification circuit 4 and the control
section 10 thus make up gain setting means.

The offset piggybacking circuit 5 includes an addition
circuit for pigegybacking an offset level onto a focus error
signal, a changeover switch 52 and a voltage setting circuit
53 for setting an offset level, and a high impedance element
54, for example, as shown 1 FIG. 3. When an offset
piggyback signal Son from the control section 10 1s high, the
changeover switch 52 connects to an H terminal position to
which the high impedance eclement 54 1s connected for
supplying the offset level to the addition circuit 51 as a zero
level (with no offset piggybacked). When the offset piggy-
back signal Son 1s low, the changeover switch 52 connects
to an L terminal position for supplying the DC level set by
the voltage setting circuit 53 in response to an offset level
setting signal Sofc supplied from the control section 10 to
the addition circuit 51 as the offset level to be piggybacked.
Therefore, the addition circuit 51 piggybacks the offset level
supplied via the changeover switch 52 on the amplified error
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signal Safe from the amplification circuit 4 to generate an
oifset error signal Sofs and outputs the offset error signal Sot
s to an S/H (sample hold) circuit 6.

The purpose of piggybacking an oifset 1s to set the focus
position of an object lens so that the spot form of a read
beam on the disc becomes elliptic rather than circular to
decrease the jitter component of a read signal. More
particularly, as shown 1 FIG. 7, the focus position of the
object lens 1s set so that the two-layer disc 1 1s placed at the
position of a spot 12 where the long axis direction of the
ellipse becomes perpendicular to the tangent direction of a
track formed by pits 11 (the short axis direction of the ellipse
becomes parallel to the tangent direction of the track). That
1s, 1n focus servo control for the two-layer disc 1, a prede-
termined DC level 1s piggybacked as an offset level on a
focus error signal indicating the shift amount from the focus
position of the information read beam and servo control 1s
performed based on the error signal with the offset level
piggybacked thereon, thereby aggressively ollsetting as
much as the distance corresponding to the offset level from
the focus position for changing the spot form of the read
beam on the disc from circular to elliptic.

Therefore, the spot form of the information read beam
undergoing focus servo control based on the focus error
signal offset according to the DC level set by the voltage
setting circuit 53 of the offset piggybacking circuit §
becomes like an ellipse with the short axis direction parallel
with the track tangent direction.

In the mitialization operation before 1nformation 1s read,
while the offset level to be piggybacked 1s swung m a
predetermined range, for example, a read signal error rate 1s
measured and the level at which the error rate becomes the
minimum 1S preset as the predetermined offset level men-
fioned above.

The spot form of an mnformation read beam undergoing
focus servo control based on the focus error signal offset
according to the DC level set by the voltage setting circuit
53 of the offset piggybacking circuit 5 becomes like an
cllipse with the short axis direction parallel with the track
tangent direction.

The S/H circuit 6 comprises an open/closed switch 61, a
changeover switch 62, and a hold circuit 63, for example, as
shown 1n FIG. 4. When a hold command signal Sshc from
the control circuit 10 1s low, the open/closed switch 61 1is
closed and the changeover switch 62 connects to an L
terminal position for supplying the supplied offset error
signal Sofs to the addition circuit 8 as a hold error signal
Shie. When the hold command signal Sshc 1s high, the
open/closed switch 61 1s opened and the changeover switch
62 connects to an H terminal position, thereby supplying the
oifset error signal Sofs held 1 the hold circuit 63 just before
the open/closed switch 61 1s opened to the addition circuit 8
as the hold error signal Shfe.

Referring again to FIG. 3, a transfer signal generation
section 7 comprises a changeover switch 71, a kick signal
generation section 72 for generating a kick signal Skl for
driving a focus actuator FA 1n acceleration, a brake signal
generation section 73 for generating a brake signal Sbl for
driving the focus actuator FA 1 deceleration, and a high
impedance element 74. It selectively supplies the kick signal
Skl, the brake signal Sbl, or a zero level (with nothing
added) to the addition circuit 8 in response to a two-bit
transfer control signal Skbc from the control section 10.

The addition circuit 8 piggybacks a transfer signal Skbp
supplied from the transfer signal generation section 7 on the
oifset error signal supplied via the S/H circuit 6 to generate
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a piggyback pulse signal Sfed and outputs the piggyback
pulse signal Sted to a driver circuit 9.

The driver circuit 9 amplifies power of the supplied
piggyback pulse signal Sfed and drives the focus actuator FA
as transier means placed 1n the pickup 2 at the acceleration
responsive to the amplitude level of the pigegyback pulse
signal Sfed in the direction responsive to the polarity of the
piggyback pulse signal Sfed.

Last, the control section 10 comprises a control CPU (not
shown) and RAM (random access memory) -not shown- for
storing a control program of the control CPU and the setup
values of gain value of the amplification circuit 4, offset
level, etc., for each recording side provided by the initial-
1zation operation performed before the mformation read
operation. The control section 10 supplies the gain setting
signal Sgc, the offset piggyback signal Son, the offset level
setting signal Sofc, the hold command signal Sshc, and the
transfer control signal Skbc appropriately to the amplifica-
fion circuit 4, the offset piggybacking circuit 5, the S/H
circuit 6, and the transfer signal generation section 7 based
on the control program and the setup values stored 1n the
RAM, and mainly controls the operation of the whole
information reader.

The reason why the gain of the amplification circuit 4 1s
set for each recording side in the 1nitialization operation 1s
that the recording sides of a two-layer disc do not necessarily
match 1n reflection factor because of the structure.
Theretore, at the focus servo adjustment time 1n the 1nitial-
1zation operation before information 1s read, the control
section 10 detects the amplitude level of an S-letter signal of
a focus error signal provided when a focus servo loop 1s
open from the output signal of the amplifier circuit 4 and
calculates a gain value at which the amplitude level becomes
a predetermined level, then sets the result as the predeter-
mined gain value. The gain values for the recording sides are
stored 1n the RAM of the control section 10. The gain of the
amplification circuit 4 1s set to the predetermined gain value
fitted to each recording side, whereby the amplitude levels
of the S-letter signals provided from the amplification circuit
4 become roughly constant regardless of the recording side.

Next, the transfer control operation performed by the
control section 10 in the described transfer control system of
an information read beam will be discussed with reference
to FIGS. 5 and 6. FIG. 5 1s an operation tlowchart for
transfer control performed by the control section 10 and
FIG. 6 1s a waveform chart 1in the main part of the transfer
control system shown 1n FIG. 2 appearing as the transfer
control operation 1s performed.

Now, assume that a focus jump command from the first
recording side L0 to the second recording side L1 of a

two-layer disc 1s entered through operation means such as a
keyboard (not shown) at timing O in FIG. 6.

The control section 10 first stops the current job being
executed and outputs an offset piggyback signal Son which
1s high to the offset piggybacking circuit 5 to set the offset
level pigeybacked on a focus error signal Safe to a zero
level, namely, 1nhibit piggybacking of the offset piggy-
backed to shape the spot form of a read beam at step S1.

Next, a wait 1s made for sufficient time t1 (for example,
about several us) to absorb disturbance of a focus servo loop
produced by removing the offset level at step S1 and for the
focus servo to be again locked as shown 1n FIG. 6 at step S2.

After a lapse of the time t1, the control section 10 supplies
a hold command signal Sshc which 1s high to the S/H circuit
6 at step S3. The high hold command signal Sshc opens the
open/closed switch 61 of the S/H circuit and switches the
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changeover switch 62 to the H terminal position, thus supply
of the focus error signal carrying the current focus direction
position mnformation of an information read beam 1s shut off,
and the focus servo loop 1s substantially opened. Therefore,
the S/H circuit 6 outputs the error signal held by the hold
circuit 63 just before the servo is opened (the error signal is
obtained with offset removed and the focus servo locked).

Next, the control section 10 outputs a transfer control
signal Skbc for predetermined time (t2-t1) at steps S4 and
S5. The transfer control signal Skbc switches the switch 71
to the mput position of a signal Skl for the predetermined
time, thus the kick signal generation section 72 supplies a
DC signal having a predetermined amplitude level as shown
in FIG. § to the addition circuit 8 as a transfer signal Skbp
for the predetermined time (t2—t1). The predetermined time
(t2-t1) can be uniquely found by the sensitivity of the focus
actuator FA and the inter-layer distance of the two-layer disc
1 because no offset 1s applied. That 1s, the operation of the
actuator at steps S4 and S5 becomes so-called uniformly
accelerated linear motion, thus 1f the sensitivity of the
actuator is x (m/s”/A) and the inter-layer distance is y (xm)
and the predetermined amplitude level 1s set to a level
corresponding to 1 (A) at the output stage of the driver
circuit 9 (the maximum accelerating level of the actuator FA
in the embodiment), the predetermined time (t2-t1) can be
found as (y/x)"*. In this example, however, the distance for
the actuator to make uniformly accelerated linear motion 1s
about a half the inter-layer distance.

For the supply time (t2-t1) of the kick signal Skl thus
found, the kick signal Skl 1s pigegybacked on the immedi-
ately preceding error signal (roughly zero level) for opening
the servo loop supplied from the S/H circuit 6 1n the addition
circuit 8 and the resultant signal 1s supplied as Sted shown
in FIG. 6 to the focus actuator FA of the transfer means via
the driver circuit 9. Then, the signal causes the actuator FA
to transfer the object lens, namely, the information read
beam 1n the direction of the recording side L1.

Next, after a lapse of the predetermined time, the control
section 10 outputs a gain setting signal Sgc to set the gain of
the amplification circuit 4 to the gain value fitted to the
second recording side L1 at step S6. After the kick signal 1s
thus supplied, namely, while the information read beam 1s
moving from the first recording side L0 to the second
recording side L1, the gain of the amplification circuit 4 1s
again set to the gain value matching the reflection factor of
the recording side to which the information read beam
moves, whereby the reflection factor difference between the
first and second recording sides 1s absorbed. That 1s, the
amplitude level at which the level appearing on the first
recording side LO (lower peak level appearing between
times t1 and t2 in FIG. 6) and the level appearing on the
second recording side L1 (upper peak level appearing
between times t3 and t4 in FIG. 6), of the S-letter signal of
the focus error signal appearing as the read beam moves
away from the focus position can be compared on the same
scale, namely, normalized amplitude level can be set. Thus,
particularly the brake signal generation timing becomes the
same regardless of the read beam transfer direction (from the
recording side L0 to L1 or from L1 to L0), as described later.

Next, the control section 10 outputs a transfer control
signal Skbc for switching the changeover switch 71 to the
hiech impedance element 74 at step S7, thus the transfer
signal Skbp becomes zero level. That is, in this state (the t2
to t3 period in FIG. 6), a drive signal is not supplied to the
actuator (precisely, a hold error signal Shfe is supplied from
the S/H circuit 6, but servo control 1s performed with no
oifset at step S1, thus the hold error signal Shie holding the
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error signal with the servo control performed 1s roughly at
zero level). The actuator in the state is in a coasting state of
the acceleration motion by the supplied kick signal at steps
S4 and S5 and continues the move operation 1n the direction
of the second recording side L1, namely, the uniformly
accelerated linear motion at roughly the same speed as the
last speed vmax accelerated during the acceleration period.
The operation at step S7 1s continued until time t3 at which
the focus error signal Safe given through the amplification

circuit 4 exceeds a predetermined threshold value Th at step
SS.

The predetermined threshold value Th 1s used to indicate
the generation timing.of the brake signal Sbl and 1s deter-
mined by the sensitivity of the actuator and the remaining
transter distance. To stably perform the pull-in operation to
the focus servo after the focus jump, the mformation read
beam transfer speed needs to be sutficiently reduced to such
speed capable of pulling into the focus servo in the prox-
imity of the focus position. However, 1f the transfer speed 1s
too reduced, the read beam loses speed before 1t arrives at
the desired recording side. Then, the threshold value Th 1s
determined so that the read beam transfer speed becomes
predetermined speed vr of sufliciently slow speed to pull into
the focus servo at the focus position on the second recording

side L1.

That 1s, the last speed of the information read beam,
vmax, under the acceleration control at steps S4 and S5 can
be expressed as x(t2-t1) because the sensitivity of the
actuator 1s X. Therefore, the deceleration control start posi-
tion from the last speed x(t2—t1) to set the read beam move
speed at the focus position to the predetermined speed vr
becomes the position

(e (£2-11)"=vr")/2x (1)

away from the focus position on the second recording side
L1.

This means that uniformly accelerated linear motion
(deceleration motion) 1s made the distance indicated by
Expression 1, whereby the read beam move speed 1s reduced
to vr from vmax. At the time, the time corresponding to the
distance expressed by Expression 1 1s

(x(£22-t1)-vr)/x (2)

Therefore, the focus error amplitude level corresponding to
Expression 1 1s set as the predetermined threshold value Th
and when the focus error signal appearing as the read beam
moves exceeds the threshold value Th, the control section 10
outputs a transfer control signal Skbc for switching the
changeover switch 71 to the Sbl input position for the time
orven by Expression 2 at steps S9 and S10, so that a DC
signal having predetermined amplitude level shown in FIG.
5 (amplitude level for accelerating (decelerating) the actua-
tor at the maximum and 1n the embodiment, level which
becomes 1A at the output stage of the driver 10) from the
brake signal generation section 73 as the transfer signal
Skbp 1s supplied to the addition circuit 8 for the time given
by Expression 2.

At the time, since the gain set 1n the amplification circuit
4 1s changed at step S6, the focus error signal sensitivity on
the first recording side LO (error signal amplitude change
amount relative to unit change amount from focus position)
and that on the second recording side L1 are assumed to be
the same and as the offset 1s removed at step S1, the offset
responsive to the transfer direction appearing on the S-letter
waveform 1s also removed. Thus, changing the absolute
value of the threshold value Th depending on the focus
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jumping direction 1s not required. This means that the
absolute value of the predetermined threshold value Th
carrying the brake signal generation timing need not be set
again each time the recording side reflection factor varies
and 1ntricacy of the setting job performed by the control
section 10 can be decreased.

Next, the control section 10 outputs a transfer control
signal Skbc for switching the changeover switch 71 to the
high impedance element 74 to set the transfer signal Skbp to
zero level at step S11. Thus, piggybacking the transier signal
Skbp onto the hold error signal Shfe is inhibited and a hold
command signal Sshc 1s output low at step S12, so that the
focus servo loop 1s closed, namely, the open/closed switch
61 1 the S/H circuit 6 1s closed and the changeover switch
62 1s switched to the L terminal position. Then, the control
section 10 stands by for the time required for the focus servo
to be locked at step S13, then outputs an offset piggyback
signal Son low at step S14 and piggybacks the voltage level
fitted to the second recording side L1 set in response to the
oifset level setting signal Sofc as the offset level.

In the description of the embodiment, the recording sides
of the two-layer disc differ 1n reflection factor, but if they are
assumed to have the same reflection factor, step S6 can be
omitted.

In the embodiment, the focus jump operation on the
two-layer disc has been described, but the 1nvention can be
applied to the focus jump operation on a recording medium
with two or more recording sides laminated.

As was described above, according to the first aspect of
the invention, the transfer signal generation means for
generating a transfer signal for forcibly transferring an
information read beam from one recording side to another
ogenerates the transfer signal after piggybacking the offset
level to shape the spot form of the information read beam on
the recording side 1s inhibited. Therefore, the offset level
becomes zero during the focus jumping and the read beam
move distance becomes roughly equal to the layer-to-layer
distance of the disc, so that the transfer signal duration and
amplitude level and threshold value to be adopted can be
determined uniquely by the sensitivity of the focus actuator
and the layer-to-layer distance of the disk. This means that
the threshold values for indicating the transfer signal dura-
tion and amplitude level and the brake signal supply timing
can be set uniquely 1n response to the layer-to-layer distance
defined on the disc standard and the sensitivity of the focus
actuator of an information reader and thus if the disc played
back with the information reader matches the standard, it 1s
not necessary to again set transfer signals and intricacy of
the setting job 1mvolved in the focus jump can be decreased.

Also, according to the second aspect of the invention,
when transfer of the information read beam 1s started, the
gain setting means changes the gain from the gain fitted to
one recording side to the gain fitted to another to which
focus jumping 1s to be applied before the transfer signal
generation means generates the brake signal. Therefore,
even 1f one recording side and another recording side dlf:er
in reflection factor, the focus jumping between the recording
sides different 1n reflection factor becomes equivalent to
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focus jumping between recording sides having the same
reflection factor during the focus jumping, thus the transfer

signal duration and amplitude level can be uniquely found
by the sensitivity of the focus actuator and the layer-to-layer
distance of the disc. Therefore, 1ntricacy of again setting the
brake signal duration and amplitude level based on a dit-
ferent retflection factor 1n response to the recording side to
which focus jumping 1s to be applied can be decreased.

What 1s claimed 1s:

1. A transfer control system of an information read beam,
comprising:

olfset error signal generation means for piggybacking an
olfset level onto a focus error signal indicating a shaft
from a focus position of an mnformation read beam to
generate an offset error signal 1in order to shape a beam
form of the mnformation read beam applied from the
same application direction for reading record informa-
tion from an information recording medium having a
plurality of laminated recording sides on the recording
side;

transfer signal generation means for generating a transfer
signal for forcibly transferring the information read
beam from one recording side to another; and

transfer means for transferring the information read beam
from one recording side to another based on the transfer
signal;

wheremn said transier signal generation means inhibits

said offset error signal generation means from piggy-
backing the offset level, then generates the transfer
signal.

2. A transfer control system of an information read beam
for transferring an mmformation read beam applied from the
same application direction to read record mmformation from
an 1nformation recording medium having a plurality of
laminated recording sides from one recording side to
another, said transfer control system comprising:

focus servo means for performing focus control of the
information read beam based on a focus error signal

indicating a shift from a focus position of the informa-
tion read beam;

gain setting means for setting a gain of said focus servo
means litted to each of the recording sides;

transfer signal generation means for generating a kick
signal for driving the information read beam 1n accel-
eration and a brake signal for driving the information
read beam driven 1n acceleration 1in deceleration; and

transfer means for transferring the information read beam
from one recording side to another based on the kick
signal and the brake signal;

wherein when the information read beam 1s transferred,
said gain setting means changes the gain from the gain
fitted to one recording side to the gain fitted to another
before said transfer signal generation means generates
the brake signal.
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